Statement of Compliance
The study will be carried out in accordance with Good Clinical Practice as required by the Edinburgh revision (October 2000) of the Declaration of Helsinki as far as adopted by the concerned regulatory authorities, as well as International Conference on Harmonisation, Good Clinical Practice E6, and the National Institutes of Health (NIH) Clinical Terms of Award. The study will also be conducted in accordance with the applicable national and local requirements regarding ethical committee review, informed consent, and other statutes or regulations regarding the protection of the rights and welfare of human subjects participating in biomedical research.
Secondary:
• Delineate specific viral, infant, and maternal factors contributing to the development of dengue hemorrhagic fever (DHF) among infants experiencing primary dengue virus (DV) infections.
• Strengthen the capacity for diagnosis and research on dengue in the Philippines.
Schematic of Study Design:
(see page vi) Surveillance for hospitalized dengue/acute febrile illness Acute/convalescent blood draws (3 ml each) † Convalescent blood draws taken 10-14 days after acute illness blood draw (examples) Additional surveillance for non-hospitalized dengue/acute febrile illness for 5 months between JuneOctober of a calendar year. Acute/convalescent blood draws (3 ml each) † . Convalescent blood draws taken 10-14 days after acute illness blood draw. † Participating infants cannot have > 2 paired (acute and convalescent) surveillance blood samples taken while in the study. 6 
BACKGROUND INFORMATION AND SCIENTIFIC RATIONALE

Background Information
In dengue endemic countries such as the Philippines, there is an urgent need for a dengue vaccine; however, there is also major concern that widespread use of a vaccine may increase the risk for dengue hemorrhagic fever (DHF). Thus, it is critical that reproducible correlates of protective immunity be identified. The goal of this proposal is to identify correlates of protective immunity against dengue in a prospective study of DV infections during infancy. Unlike older children, infants manifest symptomatic dengue (including DHF) following primary DV infections that are modified by pre existing, maternally-acquired, humoral immunity. The unique immunological conditions of infancy provide the most unadulterated setting to define protective immune correlates. We hypothesize that specific levels of maternally-acquired neutralizing antibodies (Abs) are associated with protection against symptomatic dengue during infancy, and protective Ab levels differ among the DV serotypes. When maternally-derived anti-DV Abs fall below protective levels, we hypothesize that virus replication following a primary DV infection can stimulate a convergence of host pathogenic factors unique to infancy and lead to DHF.
Dengue is an emerging arboviral disease caused by infection with one of the dengue viruses (DVs), a group of four antigenically related mosquito-borne flaviviruses. The DVs are widespread throughout the tropics and produce significant morbidity and mortality in at least 1/2 million persons/year [1] . The World Health Organization (WHO) has categorized dengue as a high priority emerging viral disease, as over 1 billion people in the world are at risk for DHF. Infection with any 1 of the 4 DV serotypes (DV-1, DV-2, DV-3, DV-4) can produce a spectrum of illness. The manifestations of a DV infection range from asymptomatic or mild febrile illness, to the more symptomatic dengue fever (DF), to the most severe and potentially life-threatening illness, DHF. The cardinal feature of DHF, as in other viral hemorrhagic fevers, is rapid and severe vascular dysregulation. The vascular dysfunction contributes to thrombocytopenia, a coagulopathy, and, most importantly, a transient increase in vascular permeability. The circulating blood volume is reduced, hemoconcentration occurs, and, in severe cases, hypovolemic shock develops [2, 3] . Fluid resuscitation and intensive care can be life saving, but specific treatments are not available and often access to appropriate care is limited. So far, the main preventive strategy in dengue endemic countries is mosquito control of the primary DV vector, Aedes aegypti. Despite some success in a few countries, widespread mosquito control efforts have been difficult to sustain. Development of a vaccine is seen as the only practical strategy for effective prevention and long-term control of dengue disease. The vaccines under development that are likely to be considered for use in dengue endemic countries are liveattenuated or chimeric viruses combined in a tetravalent formulation. Beyond the problems of interference in multivalent viral vaccines, there are additional and somewhat unique immunological issues in dengue that will pose challenges to mass, public health, vaccination campaigns against dengue. A primary infection with one DV serotype typically produces long-term protective immunity against the homologous serotype. After a short period of cross-protection, individuals who have recovered from a primary DV infection are fully susceptible to infection and disease by heterologous serotypes (secondary infection) [4, 5] . In fact, the relative risk of developing DHF is enhanced 5 to 500-fold following sequential, heterotypic DV infections [6] [7] [8] . For dengue vaccines, even tetravalent ones, the key unanswered question remains what are the vaccineinduced immune responses that will recapitulate natural infection induced protective immunity and avoid enhancement of disease severity? The potential pitfalls of a dengue vaccination campaign are that ineffective or short-lived vaccine induced immune responses would not only fail to protect against disease, but could enhance disease severity in vaccinated individuals. Given these consequences, it is imperative that clear and reproducible correlates of protective immunity are well defined before large scale dengue vaccine clinical trials and public health vaccination programs begin.
The majority of clinical studies on dengue have focused on secondary DV infections and identifying risk factors for development of DHF. There have been 5 community-based, prospective, studies of dengue reported in the literature [6, [9] [10] [11] [12] . All have consistently found that pre existing anti DV immunity, generally reflecting prior infection with heterologous DV serotypes, is associated with development of DHF. In a recent paper [13] , we focused on examining correlates of protective anti DV immunity in a prospective cohort study of schoolchildren in Thailand. We found that the presence of pre existing neutralizing Abs directed against the infecting DV serotype (either a prototype strain or the infecting virus isolate) was not a good correlate of disease protection for secondary D1V, D2V, and D3V infections. So far, the protective capability of dengue vaccine candidates has been inferred by their ability to induce detectable neutralizing Ab responses. Our data suggest that the presence of neutralizing Abs is unlikely to be an adequate immune correlate for selecting, testing, and using dengue vaccines. Vaccines inducing and sustaining higher levels of neutralizing Abs would be considered better than those inducing lower Ab levels. What levels of neutralizing Ab to a given DV serotype can be considered "protective" or "adequate" is the primary unanswered question that this proposal aims to address.
For many different viruses, animal models, and challenge routes, passive Ab transfer experiments have consistently shown a good correlation between in vivo protection and the Ab neutralizing activity measured in vitro [14] . Even though the correlation does not necessarily imply that the mechanism of neutralization in vitro is the only, or even predominant, mechanism of protective activity in vivo. As there is no animal model for DHF, studies of dengue in infants born to DV immune mothers are the best approximations of passive immunization experiments. A careful examination of dengue in infants is the most unadulterated way to identify protective immune correlates in a clinical study, and cannot be replicated in studies of secondary DV infections. There have been very few studies of infant dengue to date, and none focusing on correlates of protective immunity.
Insight into protective immunity in dengue can also be gained by studying the converse process, immune enhancement of disease severity. DHF among infants (age < 12 months) was [16, 17] . ADE of DV infections has been considered the only risk factor that infants have for developing DHF, and therefore the only unifying explanation for immune enhancement of dengue disease severity. However, there has been only one small infant study using ex vivo blood samples in an attempt to explain the epidemiological findings [18] . A careful look at the limited data available on infants to date reveals many unanswered questions. We feel that a carefully designed, comprehensive, prospective study of DV infections over the first 16 months of life will successfully avoid some of the pitfalls of previous studies, and narrow the gaps in knowledge regarding immune correlates of protection against symptomatic dengue and delineation of important factors in the pathogenesis of DHF. To that end, a collaborative and international consortium has been formed to advance dengue research in the Philippines. The research will generate vital data for the effective testing of dengue vaccines and future public health vaccination campaigns throughout the region.
Scientific Rationale
Our long-term aim is the prevention of DHF and hospitalized dengue in children with a safe and effective vaccine. This collaborative study will provide immediately relevant, sound, scientific data useful for selecting and testing dengue vaccine candidates in Phase III clinical trials, as well as for future implementation of dengue vaccine campaigns. A prospective study of primary DV infections during infancy provides a unique opportunity to identify correlates of immune protection or immune enhancement not provided by studies of secondary DV infections. While some vaccines have been developed without identifying correlates of immune protection, the potential harm caused by ineffective or incomplete immunity to DVs makes a better understanding of immunity in dengue critical for the advancement of vaccination campaigns. Results from this study are likely to have a significant impact on future dengue vaccination testing and administration policies in the Philippines and other Southeast Asian countries.
There is no animal model for DHF or DF. As such, prospective human studies of natural DV infections are critical for advancing dengue vaccine development and usage. • Long range risks-none.
• Rationale-There are no direct health benefits from the collection of blood samples to the subjects. The minimal risks of phlebotomy are reasonable and necessary to successfully address the study objectives, namely identify immunological correlates of protection to dengue.
• To diminish the risk of phlebotomy, only adequately trained study personnel will draw blood. Blood volumes taken from the study subjects fall within the Office of Human Research Protections guidelines for minimal risk studies [19] . Alternative procedures are not feasible.
Known Potential Benefits
i) Participation in study may improve outcome in DV infections. The morbidity and mortality from DHF is often from a delay in seeking medical care. Parents in the study will be educated and encouraged to bring their infants to medical attention for febrile illnesses. Early medical evaluation of dengue can offset the severe consequences of the disease. ii)
Study will provide rapid dengue diagnostic testing for acute febrile illnesses. In infants with an acute febrile illness identified either during hospitalization or during outpatient surveillance during the peak DV transmission season, an acute illness blood sample will be obtained and tested using a DV IgM enzyme-linked immunosorbent assay (EIA) and DV reverse transcriptase-polymerase chain reaction (RT-PCR). The results of the assays and an interpretation of their significance will be reported to the parent/guardian and healthcare provider of the ill child within 2-3 days. These diagnostic tests will be performed at no cost to the subject. If the child requires additional medical attention, this information will be provided to the appropriate healthcare provider to assist in the clinical management. iii)
Compensation at study visitsa) Study Visit 1-study will pay for transportation to and from City Health Office and provide an infant digital thermometer and multivitamin with iron for mothers. b) Study Visit 2-study will pay for transportation to and from City Health Office and provide a food tray with utensils, sipping cup, and educational information on dengue. c) Study Visit 3 (if selected)-study will pay for transportation to and from City Health Office and parents will receive a framed photograph of their child. d) Study exit (age 16 months)-all children will receive a toy, not valued greater than $1 USD. 
OBJECTIVES
Primary Objective
• The first aim of this project is to define levels of serotype-specific neutralizing Abs associated with protective immunity against symptomatic dengue. Neutralizing Ab titers in blood samples collected from Filipino infants before DV infection, and predicted neutralizing Ab titers at the time of illness, will be correlated with disease severity rankings and peak viremia levels. Neutralizing Ab titers at which infants developed symptomatic dengue will be determined.
Secondary Objectives
• The second aim is to delineate risk factors contributing to the pathogenesis of DHF in infants. From pre-illness blood samples, the association of Ab neutralizing capacity or enhancement of infection with DHF will be measured while controlling for other potential covariates. The covariates will include measures representing viral load and infant host immune responses.
• The third aim is to strengthen the capacity for diagnosis and research on dengue in the Philippines. A collaborative and international consortium has been formed to advance dengue research in the Philippines. The research will generate vital data for the effective testing of dengue vaccines and future public health vaccination campaigns throughout the region. 
STUDY DESIGN
This is a prospective natural history study to define the levels of maternally-acquired neutralizing Ab and other correlates of immunity that may be protective against the development of dengue hemorrhagic fever in infants. Approximately 10,000 mother-infant pairs will be enrolled to achieve a continuous study cohort of approximately 4,000 children less than 16 months of age. Children leave the study when they reach 16 months of age and are replaced by new participants at 6-14 weeks of age.
I. Recruitment
We will recruit study participants among 3rd trimester pregnant women receiving pre-natal care and women with newborns receiving post-natal care in San Pablo City. Educational and informational sessions will also be organized for midwives and other healthcare delivery personnel in San Pablo City. Through midwives, local healthcare providers, and the network of public health clinics, study advertisement and informational materials will be distributed to these women (Appendices C and D). Investigators will also hold community meetings several times per year for expectant mothers and parents of infants less than 14 weeks to discuss the study goals and potential risks and benefits. Details of study participation will be presented individually to each interested mother. The study protocol and consent forms in Tagalog will be reviewed in detail, questions will be addressed, and written informed consent will be obtained at study visit #1. Up until infant age of 14 weeks, there will be no pre-specified time limit for mothers to decide whether they would like to participate. The consent form in Tagalog will be signed by the mother, and witnessed by study personnel and another person. Participants may leave the study at any time without penalty.
II. Scheduled visits i)
Study Visit #1/Study entry-Mothers and infants will enter the study when the infant is between the ages of 6-14 weeks*. We anticipate that the majority of infants will enter the study at ages 6, 10, or 14 weeks, when they are scheduled for one of their Extended Programme in Immunization (EPI) vaccinations (diphtheria/pertussis/tetanus, polio). After informed consent is obtained, data on the mother and the birth will be collected. In all infants, an anticoagulated blood sample will be collected upon study entry for plasma and peripheral blood mononuclear cells (PBMC) isolation. A serum sample from the mother will be collected at the same time or within 2 weeks of the infant blood sample. (* Except on study initiation, when over the first 5 months of the study, infants between the ages of 6-24 weeks will be allowed to enter the study. This is to achieve an adequate sized study cohort for surveillance during the first dengue season). Study Visit #2-Study Visit #2 will take place when the infant is between the ages of 4-6 months. At this time, data on infant health will be obtained. In all infants, an anticoagulated blood sample will be collected for plasma and PBMC isolation. iii) Study Visit #3-At age 15-16 months, 250 infants/year will be selected to return for a 3rd study visit. The 250 infants will be randomly selected from those without prior symptomatic dengue and whose study visits 2 and 3 span a significant portion of the peak DV transmission season (June-October). Data on infant health will be obtained and an anticoagulated blood sample for plasma will be collected. 
Data on infants to be collected
III. Surveillance i)
Hospitalized dengue-Surveillance for DV infections that result in hospitalization will occur year round and throughout the entire period of an infant's study participation (ages 6 weeks-16 months). Upon study enrollment, parents will be given a study identification card that will have their infant's unique identification number. When any infant in the study presents to one of the 7 hospitals serving San Pablo City, they will be identified as a study participant and their identification number and date/time of presentation will be transmitted to the study coordinating center at the City Health Office. Study personnel will then screen infants in the study who were admitted for acute febrile illnesses. Those infants will have history and clinical data abstracted, and an acute illness blood sample (serum) taken for dengue diagnostic testing. A convalescent blood sample (serum) will also be taken 10-14 days later. Non-hospitalized dengue-Each year during the peak DV transmission season from June to October, we will also conduct surveillance for DV infections that do not result in hospitalizations. During this time period, parents will be encouraged to bring their infants to the barangay health stations, local doctor's offices, or the City Health office if they develop an acute febrile illness. We will rely primarily on parents bringing their infants to the City Health office for febrile illnesses during the peak dengue season. In addition, nearly all pediatric health care providers in San Pablo will be aware of the study through education and information distributed through the local medical society and hospitals. Parents will be reminded to present their study identification cards if they bring their infant with a fever > 38.0°C to a barangay health station or a private doctor's office. The health care personnel will be instructed to call a central telephone number where study personnel will coordinate transportation to the City Health office. There, study personnel will assess the infants, complete a questionnaire, and obtain an acute illness blood specimen (serum) for dengue diagnostic testing in addition to any routine clinical tests that may be requested by the treating nurse or physician. If the acute illness serum sample returns positive by DV IgM or RT-PCR, study personnel will arrange for collection of a convalescent blood specimen (serum) 10-14 days later.
Data to be collected on infants hospitalized with acute febrile illnesses
Prospective Study of Infant Dengue Study subjects will be classified into the clinical categories shown in the table on the next page. Clinical categories I and II will be identified by surveillance for hospitalized dengue. Category III will be identified by surveillance for non-hospitalized dengue during the peak DV transmission season. Category IV will be identified by hemagluttination inhibition (HAI) seroconversion between study visits #2 and #3 in the 250 infants selected for blood sample collection at study visit #3.
ii) Secondary outcome-estimation of peak viremia levels.
We have previously found that viremia levels obtained within 72 hours of symptom onset in dengue are a good approximation of peak viremia levels [20] [21] [22] . A serotype specific, fluorogenic, quantitative RT-PCR assay will be performed on the acute illness serum samples collected within 72 hours of symptom onset from infants in Categories I-III. 
Selection of the Study Population
Up to 10,000 healthy mother-infant pairs will be enrolled over a 4 year period. Infants will be between 6-14 weeks of age at enrollment and will be followed until they are 16 months of age. The goal is to maintain a continuous cohort of approximately 4,000 infants at any time, replacing those who go off study at 16 months of age with new subjects. Thus, study subjects will be infants, male or female, between the ages of 6 weeks to 16 months, of any race or ethnicity. The infants' mothers will also be included as study subjects (no age restriction). Infants with congenital medical conditions or born to HIV seropositive mothers (obtained by history) will be excluded so that these factors do not become confounding variables in the study. Pregnancy HIV testing will not be required. The study population will be drawn from infants born to mothers residing in the San Pablo City Health District, Laguna, Philippines. Study subjects will be recruited and enrolled in outpatient public health clinic settings.
Inclusion/Exclusion Criteria
Inclusion Criteria for infants: a) Infants born to mother residing in San Pablo Health District. b) Planned residence in San Pablo Health District for at least 1 year. c) Age 6-14 weeks*. d) Informed consent. e) General good health * Except on study initiation, when over the first 5 months of Year 1 (est. Feb-June 2006), infants between the ages of 6-24 weeks will be allowed to enter the study).
Exclusion Criteria for infants:
a) Infant born with congenital medical disorder. b) Mother known to be HIV seropositive.
Mothers of infants meeting the inclusion/exclusion criteria will also be enrolled, and this will include breastfeeding women. There are no requirements regarding contraception methods for the enrolled mothers. 
STUDY PROCEDURES/EVALUATIONS
Study Procedures
Subjects will receive a study ID code identifying the sequence of enrollment. The alphanumeric study ID code will be generated automatically on the study database. A database linking identifying information with the study ID code will be maintained under restricted access, secure conditions, at RITM. Parents will receive a study ID card listing the infant's name, date of birth, and study ID code for use at future scheduled and surveillance study visits. Blood samples collected at scheduled or surveillance study visits will be identified by a different alphanumeric specimen ID code. Data will be recorded on paper case report forms (CRFs) appropriate to the study or surveillance visit. Blood sample collection data and diagnostic test results will also be recorded on paper CRFs. The data collection system will be compliant with all applicable regulations.
Time of participation
The expected total duration of an infants' participation is between 50-58 weeks, from the age of 6-14 weeks to 16 months. The total duration of the mothers' participation is one study visit upon study entry.
Study visit
Time required Study Visit #1 (infant) 1.5 hours Study Visit #1 (mother) 1.5 hours (concurrent with infant) Study Visit #2 (infant) 1 hour Study Visit #3 (infant) 1 hour
Data management
The paper CRFs will be kept in locked cabinets at the central field office, and first translated into electronic format (eCRFs) at the field office. The paper CRFs will then be transported to RITM for second data entry into eCRFs. This double data entry will serve as an initial quality assurance (QA) assessment. The need for continuation of double data entry will be re-assessed after 6 months. The eCRFs will be linked to the study database.
Analytic files will retain only the unique study ID code attached to each subject in the study. Data collection will follow a set of standard operating procedures that include field and office editing, and operation checks to ensure the validity of the data and adherence to the protocol. One electronic file will be created in MS Access for each CRF (including CRFs for diagnostic test results). CRFs will be re-abstracted at a rate of 1 in 20 in the field. Discordance will be noted and any apparent systemic errors at the field level will be investigated for possible needs to retrain staff. Data from the field will be submitted to the Data Management Unit at RITM for double encoding as noted earlier. After this initial check, a validation program (developed by the programmer) will be run to check for inconsistencies in data. Initial tables are generated for final checking of data from CRFs before merging and analyzing databases. The study database will be stored and maintained by the Data Management Unit at RITM. A back-up copy of validated data will be stored on CDs in a secure location at an external site. Back-up copies of validated data will also be sent to UMMS for secure storage. Data will be stored under secure conditions for a minimum of 10 years after completion of the study.
Laboratory Evaluations
Laboratory Evaluations/Assays
Scheduled Visits
Time point Blood collection volume
Aliquots/Assays
Study Visit #1 (infant) 5 ml (anticoagulated tube)
Plasma: 1.0 ml neut Ab assay, 1.0 ml ADE assay, 2.5 ml for repeat assays/storage (total 4.5 ml) PBMC: 5x10 6 cells for activation and cytokine assays.
Study Visit #1 (mother) 7 ml (serum separator tube) Serum: 1.0 ml neut Ab assay, 2.0 ml for repeat assays/storage (total 3.0 ml) Study Visit #2 (infant) 8 ml (anticoagulated tube)
Plasma: 1.0 ml neut Ab assay, 1.0 ml ADE assay, 0.5 ml HAI assay, 2.0 ml for repeat assays/storage (total 4.5 ml) PBMC: 8x10 6 The proposed amount of blood drawn from study participants poses no more than minimal risk as defined by Office of Human Research Protections guidelines [19] . The amount of blood drawn does not exceed the lesser of 50 ml or 3 ml/kg in an 8 week period and collection does not occur more frequently than 2 times/week.
Assay descriptions:
Virus RT-PCR-A qualitative, serotype specific, DV RT-PCR assay will be performed on all acute illness serum samples. The assay technique has been previously published [23] . Results will be available within 3 days, and outpatient subjects with a positive DV RT-PCR will have a convalescent blood sample collected. Paired acute and convalescent serology will be performed to confirm primary DV infections (see below).
Serology-An anti-DV IgM EIA will be done on all acute illness serum samples collected. The results will be available within 3 days, and outpatient subjects with a positive DV IgM will have a convalescent blood sample collected. Paired acute and convalescent sera will be tested for anti-DV IgM/IgG by EIA using standard techniques and criteria to confirm primary DV infections [24] .
At the conclusion of the year, plasma samples from the 250 subjects with 3 scheduled study visits will be identified. These subjects will not have had an earlier recognized symptomatic DV infection. The plasma samples that span a significant part of the peak DV transmission season will be tested for anti-DV Abs by HAI serology [25] to identify those with clinically unrecognized seroconversions.
Neutralizing Ab assays-All subjects in the clinical study with evidence of DV infection (Categories I-IV) will have neutralizing anti-DV Ab titers determined in their pre-infection blood draw. The neutralizing Ab titers will be determined using a standard plaque reduction assay to reference DV isolates serotypes 1-4 [13] . We have previously shown that neutralizing Ab titers to reference DV isolates correlate well with neutralizing Ab titers to the actual infecting virus isolate [13] . The 50% plaque reduction neutralization titer will be calculated using 4-parameter curve fitting analysis.
Peak viremia determinations-We have found that viremia levels obtained within 72 hours of symptom onset in dengue are a good approximation of peak viremia levels [20] [21] [22] . A serotype specific, fluorogenic, quantitative RT-PCR assay will be performed on the acute illness serum samples collected within 72 hours of symptom onset from infants in Categories I-III.
Ab-dependent enhancement of infection assay (ADE)-All subjects in the clinical study with evidence of DV infection or likely exposure (Categories I-IV) will have an ADE Ab assay performed using their pre-infection blood draw.
PBMC activation-We recognize that limited numbers of PBMC will be available for study from the infant blood draws. Therefore, we plan to use modern multiplex assay techniques to get an overview of DV-induced immune activation patterns in infant PBMC. We will first perform the assays on serial collected PBMC (study visits 1 and 2) from 30 subjects without evidence of DV infection (Category V). This will allow us to refine the assays. Once optimized, the assays will be done on the pre-infection PBMC from all subjects with evidence of DV infection (Categories I-IV). PBMC will be stimulated in vitro with DV and controls. At the early and late time points, cell culture supernatants will be collected and cellular RNA will be isolated. Pro-and antiinflammatory cytokine/chemokine levels will be determined in the supernatants using a multiplex bead assay. 9 cytokines/chemokines will be assayed in a single sample using the preconfigured panel shown below:
Category
Mediators Pro-inflammatory mediators IL-1β, IL-6, TNF-α, IFN-γ, IL-12 p70 Anti-inflammatory mediators IL-4, IL-10, IL-13 CC chemokines MCP-1
Regulation of vascular permeability is an important factor in DHF pathogenesis, and modulation of anti-viral and antigen-presentation functions are well established paradigms in many virus-host interactions. We will use cellular RNA to investigate these additional immune response gene expression profiles by quantitative, real-time, fluorogenic RT-PCR. Gene expression levels will be compared to established housekeeping genes. The genes to be investigated are shown below:
Gene profiles Vascular permeability mediators TXAS, HIF-1α and VHL, VEGF Anti-viral activities OAS2, OASL, MX1, ISG15 MHC Class I antigen processing PSMA2, β2M, TAPBP MHC Class II antigen processing CIITA, Ii
The strategy outlined above will allow us to investigate different relevant aspects of the infant response to DV infection with limited sample volumes and cell numbers.
IFN-γ enzyme-lined immunoSPOT-Although pre-existing DV T-cell reactivity is not expected in infants with primary DV infections, potential T-cell responses to DV will be examined as part of the comprehensive assessment of DHF risk factors. There is limited literature suggesting that maternal T-lymphocytes may be transferred to infants by breastfeeding [26, 27] . We will first perform the assay on serial collected PBMC (study visits 1 and 2) from 20 breastfed infants without evidence of DV infection (Category V) and born to DV-seropositive mothers. This will allow us to see if indeed DV-reactive T-cells are detectable, and, if so, investigate possible age-related changes. Then, the assay will be done on the remaining 2-3x10 6 pre-infection PBMC from the subjects with evidence of DV infection (Categories I-IV). 
Instructions for Specimen Preparation, Handling, and Storage
Bar code labels with log numbers will be prepared in advance for the scheduled blood draws and acute/convalescent illness blood draws. Upon enrollment, mother and infant will each be given a unique study identifier. When blood is drawn from a study subject, one bar code label is automatically entered or placed in the data record and a duplicate bar code label is placed on the specimen. The bar code log numbers will be scanned into the specimen receiving database, which contains the study identifiers. Aliquots of plasma samples will be stored in -70°C freezers, and PBMC will be stored in liquid nitrogen at -120°C. Blood specimens will be stored at RITM, or at UMMS following RITM permission. Given the large number of blood specimens over the 4-year study period, it will be impossible to store all samples over the duration of the study and analysis periods. Samples from subjects without DV infections, and not identified as potential matched controls, will be destroyed following appropriate biosafety precautions on a yearly basis.
Specimen Shipment
Specimens for QA checks of dengue diagnostic assays (EIA, RT-PCR) will be sent from RITM to AFRIMS, Department of Virology on a bimonthly basis over the first 2 years of the study. Specimens for QA checks of HAI serology and neutralizing Ab assays will be sent from RITM to AFRIMS, Department of Virology on an annual basis. Specimens for ADE assay, and PBMC/T-cell assays will be sent from RITM to CIDVR, UMMS on a semi-annual basis. All specimens will be coded, anonymous, samples, and sent on dry ice. Shipment protocols will follow the appropriate International Association Transportation Authority packing and shipping regulations. 
STATISTICAL CONSIDERATIONS
Study Outcome Measures
• In order to achieve the first and second objectives of the study (Section 3), the primary outcome measure will be identification of DV infections and classification of dengue disease severity (described in Section 4, subpart IV). The primary outcome measure is categorical. Subjects with hospitalized DHF (Category I) will be rated as severity=5, and each step downward in severity category will be rated by a decrease in one point on a severity scale (4, 3, etc.).
• The secondary outcome measure, peak viremia level with DV infection, is also linked to the first and second objectives. It is a continuous variable associated with disease severity, the primary outcome measure. 
Study Variables
Sample Size Considerations
• Dengue surveillance in San Pablo City over the past 4 years has demonstrated annual incidence rates of infant hospitalized dengue between 0.05-0.25%. The population of infants between 0-16 months of age in San Pablo City is approximately 16,000-20,000. A study cohort continuously maintained at 4,000 subjects in this age range will capture infant hospitalized dengue rates of 0.1-0.2% with 90% confidence (EpiInfo, www.cdc.gov/epiinfo).
• To identify subjects with mild/asymptomatic dengue, we will measure asymptomatic seroconversion in a subset of 250 subjects/year. We anticipate a 1-3% yearly incidence of mild/asymptomatic dengue [12] . A sample of 250 subjects will capture a mild/asymptomatic dengue incidence rate of 1-3% with 90-95% confidence (EpiInfo, www.cdc.gov/epiinfo).
• Based on these sample sizes and assumptions, we anticipate capturing the following number of subjects over a 4-year period:
Hosp DHF Hosp DF Non-hosp DF Mild/asymptomatic seroconversion (from random sample of n=250/year) 11 11 44 32 At the end of the study period, we expect to have nearly n=100 infants with DV infections, and a much larger pool without evidence of DV infections to select matched controls (n=200 or 300). Data analysis with these anticipated numbers is detailed in section 7.4.
Participant Enrollment and Follow-Up
After start-up, enrollment and subject accrual will occur on a continuous, rolling, basis in order to maintain the cohort goal of 4,000 infants between the ages of 6 weeks to 16 months. New infants between the ages of 6-14 weeks will be enrolled to replace those disenrolled after reaching age 16 months. There is no additional follow-up for subjects after leaving the study at age 16 months.
Analysis Plan
I. First study objective-correlate pre-existing, maternally-derived, neutralizing Ab titers against the infecting DV serotype with disease severity.
Subjects with hospitalized DHF will be rated as severity=5, and each step downward in severity category will be rated by a decrease in one point on a severity scale (4, 3, etc.) . Neutralizing Ab titers determined in the pre-infection blood draws, and predicted neutralizing Ab titers at the time of illness based on a kinetic model of anti-DV Ab clearance (see below), will be used for analysis. The association between pre-existing neutralizing Ab titers (raw and log-transformed) and severity of DV infections will be evaluated by fitting partial proportional odds multivariate longitudinal models [28, 29] . When needed, we will also use generalized estimating equations [30, 31] , clustering on patient observations over time, while using a logit link function and unstructured error correlation structure. Analyses will be performed separately We will also compare pre-existing, maternally-derived, neutralizing Ab titers against the infecting DV serotype to peak viremia levels measured in subjects with symptomatic dengue. In this subset, we will fit a multiple linear regression model for peak viremia with neutralizing Ab titer levels, and other potential covariates. Model selection will be by partial F-tests [32] on the difference in residual error.
The kinetics of serotype-specific anti-DV neutralizing Abs will be characterized in Filipino infants from 6-14 weeks to 16 months. We will do this using a two stage approach [33] . Serial plasma samples from 30 study subjects who did not have evidence of a DV infection from birth to 16 months, and born to DV-immune mothers (neutralizing Ab titers to > 2 DV serotypes), will be collected. In the first stage, the elimination half lives (t½β) of neutralizing Abs to DVs 1-4 will be estimated from the slopes of linear fits to the log Ab titer concentrations over time for each subject. In the second stage, the serotype-specific t½β's will be fitted in linear regression models which will include Ab levels to the other serotypes and other covariates, i.e. factors which might impact maternal Ab decline or otherwise predict Ab levels. The significance of covariates will be assessed using F tests [32] . Model adjusted (least squares or estimated population marginal means [34] ) estimates of these parameters with their standard errors will be generated. We will estimate the pre-existing anti-DV neutralizing Ab titers at the time of illness in symptomatic dengue cases using the previously constructed model. Neutralizing Ab titers will be estimated at which 25%, 50% and 75% of the subjects developed a symptomatic DV infection.
II. Second study objective-measure the strength of association of anti-DV Ab effects (neutralization or enhancement) with development of DHF, controlling for other potential covariates.
The variables that will be examined as potential covariates were selected to represent different aspects of the infant host response to primary DV infection, and are summarized in the table in Section 7.1. Using the pre-infection samples, potential risk and protective factors will be evaluated in multiple logistic regression analyses. Infants who develop hospitalized DHF will be the disease group (i.e. event), and the other subjects whose disease severity decreases at least one category on the disease severity scale will serve as controls. Models will constructed in a stepwise manner using likelihood ratio chi-squared statistics to evaluate improvement in fit [35] . Adequacy of the fit for the final model will be evaluated using the Hosmer-Lemeshow Goodness of Fit Test [36] . Point and interval estimates of relative risk will be made by exponentiating model coefficients and their 95% confidence intervals [35] . Analyses will be performed with all DV serotypes pooled, and as serotype included as a candidate term in the model. 
SUBJECT CONFIDENTIALITY
All case report forms will be kept in locked cabinets when not in use. Only one computer database file will have the patient name, residence address, study ID number, or hospital ID number. This file will be kept in secure accounts with limited access requiring a password. All primary and merged computer database files will be kept in secure accounts with password access required. Patients will receive a study ID number identifying the sequence of enrollment. Analytic files will retain only the unique study number attached to each subject in the study. Blood samples will be identified only by different log/specimen numbers when used for immunologic assays and experiments. Only listed study investigators and their personnel will have access to the blood specimens. Banked samples for repeat assays and additional future research studies will be stored under secure conditions at RITM, or at CIDVR with the prior approval of RITM. Parents must consent to future use of stored specimens. Data used for analyses or publication will be based on study number and not contain individual identifying information.
Subject confidentiality is held strictly in trust by the participating investigators, their staff, and the sponsor(s) and their agents. This confidentiality is extended to cover testing of biological samples and genetic tests in addition to the clinical information relating to participating subjects.
The study protocol, documentation, data and all other information generated will be held in strict confidence. No information concerning the study or the data will be released to any unauthorized third party without prior written approval of the sponsor.
The clinical study site will permit access to all documents and records that may require inspection by the sponsor or its authorized representatives, including but not limited to, medical records (office, clinic or hospital) and pharmacy records for the subjects in this study. Sponsor(s) include RITM, UMMS, and NIH/NIAID.
Future Use of Stored Specimens
Residual blood specimens will be stored at RITM, or at UMMS following RITM permission, after the study is complete. As part of the informed consent process, parents will have the option to allow potential future use of their infant's blood specimens, and mothers will have the option to allow potential future use of their blood specimens. If future use consent is obtained, these blood specimens may be made available to investigators for future studies in a de-identified manner as described above. The protections for confidentiality for any future use of specimens will be as previously described. Study participants may change their mind at any time regarding future use of specimens. If study investigators are notified that consent is withdrawn for future use of specimens, then those samples will be discarded in an appropriate manner after the study-related assays are completed. At the present time, there are no specific plans for future use of blood specimens beyond what is listed in this protocol. Institutional DMID 
INFORMED CONSENT PROCESS
The parent/guardian of the infant subject must give written informed consent before being enrolled in this study. There will be separate consent forms for the mother and the infant. Interested parents will be individually counseled regarding the risks and possible benefits of participation in this study. The study protocol and consent forms in Tagalog will be reviewed in detail, questions will be addressed, and written informed consent will be obtained at study visit #1. Up until infant age of 14 weeks, there will be no pre-specified time limit for parents to decide whether they would like their infants to participate. The consent forms in Tagalog will be signed by the parent, witnessed by another person, and signed by study personnel obtaining the informed consent. Participants may withdraw consent and leave the study at any time. Informed consent forms will be provided in duplicate-the original will be kept by the investigator, and a copy will be kept by the subject's parent/guardian. The rights and welfare of subjects will be protected by emphasizing to them that the quality of medical care they receive will not be adversely affected if they decline to participate in this study.
Informed Consent/Assent Process (in Case of a Minor or Others Unable to Consent for Themselves)
No assent form is necessary for this study. 
